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Abstract

We study experimentally semi-dilute solutions of xanthan, a semi-rigid polymer, flowing through an axisymmetric
orifice. The pressure drop through the orifice and the size of the secondary vortex upstream of the orifice are measured
simultaneously as a function of the flow rate. The results indicate that xanthan solutions behave like suspensions of
rigid rods in a Newtonian solvent. Quantitatively, this analogy is supported by a theoretical analysis which combines
a macroscopic flow model and the use of a microscopic variable reflecting the contribution of the rods to the bulk
stress. With this simple model, it is possible to obtain the elongation viscosity of semi-rigid polymer solutions and
estimate unknown macromolecular parameters.
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1. Introduction

Extensional flows are very efficient to orient or to extend fibres and macromolecules, giving rise to large
elongation viscosity. In practice, measuring reliably the elongation viscosity remains an experimental chal-
lenge. Because of their simple practical implementation, axisymmetric entry flows into contractions are
widely used to generate elongation flows. However, they are non-viscosimetric flows, involving complex
mixing of shear and extension, and hence they give only an indirect access to the elongation viscosity. In
contraction flows, the existence of a large elongation viscosity gives rise to a striking structure of the flow
into large vortices near the contraction and to a pressure drop enhancement[1]. The Cogswell method
[2] and its subsequent forms[3,4], all relying on the minimisation of the mechanical energy with respect
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